Objective: To identify rapidly modifiable risk factors that would improve surgical outcomes in elderly patients undergoing emergent colorectal procedures who are at high risk for morbidity and mortality.
obstructing or perforated colorectal carcinoma (30%) and perforated diverticulitis (25%). Average age at presentation was 78.1 years, and in-hospital mortality was 15%. One hundred one patients (35%) experienced a total of 195 complications. Pneumonia (25%), persistent or recurrent respiratory failure (15%), and myocardial infarction (12%) were the most frequent complications. Operative time, shock, renal insufficiency, and significant intra-abdominal contamination or frank peritonitis were associated with morbidity. Age, septic shock at presentation, large estimated intraoperative blood loss, delay to operation, and development of a complication were associated with in-hospital mortality.
Conclusions: Emergent colorectal procedures in the elderly are associated with significant morbidity and mortality. Minimizing the delay to definitive operative care may improve outcomes. These procedures frequently involve locally advanced colorectal cancer, emphasizing the need for improved colorectal cancer screening.
Arch Surg. 2009; 144(12) : [1157] [1158] [1159] [1160] [1161] [1162] E LDERLY INDIVIDUALS REPREsent one of the most rapidly growing segments of the American population. More than 35 million Americans are 65 years or older, and this burgeoning group represents more than 12% of the overall population. 1 From 2000 to 2030, the proportion of the population older than 65 years is expected to grow from 12% to 20%. 2 As average life expectancy lengthens, the number of abdominal surgical procedures performed on elderly patients will continue to increase.
Previous studies have addressed the outcomes of elderly patients undergoing a variety of elective surgical procedures, including colorectal cancer resection, carotid endarterectomy, coronary artery by-pass grafting, and laparoscopic colectomy. [3] [4] [5] [6] These studies, investigating agerelated morbidity and mortality, concluded that elderly patients have morbidity and mortality rates comparable to those of younger cohorts. For elective procedures, the surgeon can address pertinent comorbidities preoperatively through appropriate testing, consultation, risk stratification, and aggressive medical management. When the elderly patient presents with colorectal disease requiring emergent intervention, however, preoperative evaluation and management is much less comprehensive and often not feasible owing to a state of overall physiologic compromise. Thus, the elderly patient presenting with emergent colorectal disease may be at increased risk for postoperative complications and death.
Many surgical diseases, including colorectal cancer, colonic ischemia, and diverticulitis, are diseases of aging. 7, 8 Colo-rectal cancer, for example, has a high incidence among the elderly and remains the most common primary neoplasm in patients older than 75 years. 9 Elderly patients with colorectal cancer may be at risk for emergent presentation because of medical comorbidities, insufficient screening, unrecognized symptoms, and inadequate overall access to the health care system. Because emergent presentation likely confers poorer outcomes in geriatric surgical patients, identifying rapidly modifiable risk factors will be necessary to improve outcomes. We studied an elderly patient cohort undergoing emergency colorectal procedures to determine risk factors associated with in-hospital morbidity and mortality.
METHODS

PATIENT IDENTIFICATION
We retrospectively identified 292 patients 65 years or older who underwent emergent colorectal procedures at the Yale New Haven Hospital, New Haven, Connecticut, a university tertiary referral center, from January 1, 2000, through December 31, 2006. The Yale University Human Investigations Committee approved the study protocol before review of the medical records.
Patients undergoing emergent colorectal procedures identified by Current Procedural Terminology codes were included in this analysis. All patients were admitted through the Yale New Haven Hospital emergency department with colorectal disease requiring immediate or urgent surgical intervention after a brief period of stabilization and resuscitation.
Clinical and laboratory variables were recorded in a database. These variables included patient demographics, medical and surgical history, preoperative functional status, corticosteroid use, preoperative renal function, anticoagulant use, and physiologic factors such as vital signs on presentation, presence of shock or septic shock on admission, laboratory values at presentation (complete blood cell count, prothrombin time, and serum creatinine level), pertinent preoperative imaging studies, American Society of Anesthesiologists (ASA) class, and preoperative diagnosis. Shock was defined as systolic blood pressure of less than 90 mm Hg. Septic shock was defined as shock associated with a temperature higher than 38.4°C or lower than 36.1°C, leukocytosis or leukopenia, and a known or presumed infected focus. Also recorded were operative details including time from presentation to operation, operative time, estimated blood loss, volume of crystalloid and colloid resuscitation, and airway status at the conclusion of the operation.
Postoperative variables recorded included the length of the intensive care unit stay, the overall length of stay, the number of days receiving ventilation, in-hospital mortality, and complications (ongoing or recurrent respiratory failure, pneumonia, deep venous thrombosis, pulmonary embolism, myocardial ischemia and infarction, and cerebrovascular accident).
STATISTICAL ANALYSIS
All information was entered and maintained in a spreadsheet (Excel; Microsoft Corp, Redmond, Washington). We used commercially available software (SPSS, version 14; SPSS Inc, Chicago, Illinois) for statistical analysis; univariate analysis was performed with the 2 test, the unpaired t test, the Pearson product moment correlation for normally distributed data, and the Wilcoxon rank sum test for nonnormally distributed data. All tests were 2-tailed. Multivariate analysis was performed with logistic regression to identify factors associated with morbidity and in-hospital mortality. All variables with an effect on morbidity or mortality with P Յ .2 were entered into a backward stepwise logistic regression model. The ASA class was considered an ordinal variable using nonorthogonal comparisons between classes and as a dichotomous variable for the ASA class of less than 3 or of 3 or greater. PՅ.05 was considered significant.
RESULTS
During the 6-year study period, 292 patients 65 years or older presented to the Yale New Haven Hospital emergency department with diagnoses that required an emergent colorectal procedure. The average age was 78.1 (range, 65-100) years, and 59% of this cohort was female ( Table 1) . Hypertension, coronary artery disease, diabetes mellitus, atrial fibrillation, and congestive heart failure were the most frequent presenting comorbidities. Fifteen percent of this population was receiving long-term anticoagulation therapy consisting of warfarin sodium, and 43% had a documented previous abdominal surgery. Twenty-two patients (8%) were receiving long-term corticosteroid therapy before presentation, and 7 patients (2%) were undergoing hemodialysis for end-stage renal disease.
The most frequent surgical indications were obstructing or perforated colorectal carcinoma and colonic diverticulitis with free perforation, followed by lower gastrointestinal tract hemorrhage and colorectal ischemia ( Table 2) . Patients also presented with sigmoid volvu- lus or cecal bascule, and others required emergent operation for a noncolorectal intra-abdominal malignancy or metastasis. Two patients required colectomy for iatrogenic perforation during a previous intra-abdominal procedure. A few patients in this analysis underwent colectomy after perforation during screening colonoscopy. Five patients (2%) underwent subtotal colectomy for Clostridium difficile colitis. Anatomically, the most frequent surgical location was the right or the transverse colon, with 136 procedures (47%). Thirty-one patients (11%) underwent subtotal or total abdominal colectomy. Seventeen patients (6%) had a temporary abdominal closure placed at the conclusion of the procedure because of fecal contamination or hemodynamic instability or as empirical therapy for an anticipated abdominal compartment syndrome. Eleven of the patients requiring a temporary abdominal closure (65%) died during the index admission of multisystem organ failure. A total of 122 stomas were created (72 temporary and 50 permanent).
Overall, the average length of stay was 20.9 days, and in-hospital mortality was 15%. More than half of the surviving patient population (54%) was discharged to a skilled nursing facility for postdischarge nursing care and rehabilitation. One hundred one patients (35%) experienced a total of 195 complications (Figure) . Pneumonia was the most frequent complication (25%), followed by persistent or recurrent respiratory failure (15%), myocardial ischemia and infarction (12%), and deep venous thrombosis (6%). Thromboembolic events, including pulmonary embolism and cerebrovascular accident, occurred in 4% of patients for both.
On On multivariate analysis, shock, increased duration of operation, renal insufficiency, and significant intraabdominal contamination or frank peritonitis were associated with postoperative complications ( Table 3) . Septic shock, estimated blood loss of more than 1000 mL, age, time elapsed from presentation to definitive operation, and development of a postoperative complication were predictive of in-hospital mortality. On subgroup analysis of patients presenting with obstruction or perforation, there was no statistically significant difference in mortality with perforating vs obstructing disease. These findings were the same whether the cause was benign or malignant. There was a difference in univariate analysis for length of stay, with perforation predicting a longer length of stay (P =.007). In multivariate analysis that included all patients, however, perforation was not predictive of length of stay (data not shown).
COMMENT
By 2030, 1 in 5 Americans is expected to be older than 65 years, and the most rapidly growing cohort in the elderly population consists of individuals older than 85 years. 10 During the past decade, the percentage of operations in which the patient was older than 65 years increased from 19% to 35%. [11] [12] [13] As the human body ages, cumulative physiologic stressors lead to overall decline in organ and tissue function. Physiologic reserve, robust in younger populations, is significantly diminished in the elderly patient, and cardiovascular, pulmonary, endocrine, and renal comorbidities are common. From a cardiovascular standpoint, rates of diastolic dysfunction rise significantly with age, and the incidence of congestive heart failure rises concominantly. 14 Atherosclerosis and hypertension are also more common. Pulmonary reserve declines predictably with age. 15 Chronic renal insufficiency is more common in older patients. 16, 17 An estimated 20% of Americans older than 60 years have diabetes mellitus, 18 a disorder that has severe adverse effects on the entire cardiovascular system. Hyperglycemia has also been shown to have a negative effect on many components of wound healing. [19] [20] [21] Neurologic decline resulting in dementia and the immunosenescence of aging further complicate the diagnosis of intra-abdominal sepsis, often resulting in delays in presentation and diagnosis. 22, 23 Given the physiologic decline that occurs with aging, elderly patients who require an emergent colorectal procedure are at high risk for postoperative morbidity and mortality. Socioeconomic factors may also play a role because the elderly patient with colorectal disease may not have adequate access to the health care system. Preoperative risk stratification and appropriate management of medical comorbidities is compromised in these circumstances, given the severe time and information constraints.
Despite well-established guidelines for screening colonoscopy in elderly patients, colorectal cancer continues to be the second most common cause of cancer death in the United States. 24, 25 The incidence of detectable colorectal carcinomas peaks in the sixth and seventh decades of life. 26 Unfortunately, obstructing or perforated colorectal carcinoma was the most frequent presenting diagnosis in this analysis, and this represents an opportunity to improve outcomes through comprehensive screening. Detecting colorectal carcinomas at early stages has obvious benefit in terms of disease-free survival after an elective resection.
In this analysis, perforated diverticulitis was the second most frequent presenting diagnosis. Diverticulosis is prevalent in the elderly patient with a western-style diet, and an estimated 70% of the American geriatric population has colonic diverticuli. 27 Often, a hidden intra-abdominal process such as perforated diverticulitis is masked in elderly patients secondary to dementia, physical deconditioning, and immunosenescence. Sigmoid volvulus, described classically as a disease of the elderly, debilitated, institutionally bound patient, 28 was surgically managed in 12 patients (4%) in this analysis after endoscopic detorsion was not achieved. Despite several recent studies reporting an increased virulence of C difficile colitis [29] [30] [31] and pleas for aggressive and early surgical management, including a study that documented a 66-fold increase in cases at 1 institution, 32 few patients in our analysis underwent colectomy for C difficile-associated toxic megacolon. Overall, it is not surprising that obstructing or perforated colorectal cancer and perforated diverticulitis constitute more than half of the diagnoses in this study. Anatomically, diverticular disease tended to be left sided, whereas colorectal cancer was widely distributed throughout the colon and rectum.
One of 7 patients in this analysis did not survive to hospital discharge, and more than half of the remaining cohort required discharge to an extended care facility for rehabilitation and comprehensive nursing care. Longer operative times and intra-abdominal contamination, resulting in increased evaporative losses and extensive resuscitation, were associated with higher rates of postoperative complications. Sepsis and high estimated blood loss were associated with mortality. The immune dysregulation and decline in humoral function that occurs in elderly patients makes this group particularly vulnerable to intra-abdominal sepsis. Studies have demonstrated that induction of proinflammatory cytokines after septic stimuli is not adequately counterbalanced by anti-inflammatory mechanisms in elderly persons. 33 The elderly patient with sepsis and diminished, or even absent, physiologic reserve is at high risk for multisystem organ failure and subsequent death, 34 as reflected in this analysis. The potentially modifiable risks for mortality in our population were delay to operative management and reductions in postoperative complications. A focus on aggressive resuscitation and nonsurgical source control may have improved outcomes. Because of the retrospective nature of this analysis, it was impossible to determine whether these outcomes could have been improved for this cohort of patients.
In terms of postoperative complications, pneumonia was the leading complication. Most cases of pneumonia were ventilator associated. Despite the addition of measures, such as maintaining the head of the bed at 30°and daily holding of sedation, pneumonia rates were constant during the period included in this review. Because of the high incidence of postoperative delirium in elderly patients, this population may not reap the pulmonary benefits from these measures seen in the global population of patients undergoing elective procedures. Risk factors for pneumonia in the elderly surgical patient include a large abdominal incision, decreased pulmonary reserve, physical debilitation, preexisting malnutrition, and respiratory failure requiring mechanical ventilation. These findings are corroborated by studies that document the high incidence of postoperative pneumonia in elderly patients, 35, 36 including a large Department of Veterans Affairs study that documented a 30-day mortality rate of 21% in patients who developed postoperative pneumonia. 37 In that study, emergent procedures with general anesthesia were associated with high rates of postoperative pneumonia. Recurrent respiratory failure requiring reintubation was the second most frequent complication in this analysis, and this reflects the diminished pulmonary reserve that occurs with aging and the respiratory sequela of a debilitated patient with a large abdominal incision. Postoperative myocardial ischemia and resultant infarction occurred in 1 of 7 elderly patients in this analysis. In the United States, perioperative myocardial infarctions continue to be a leading cause of morbidity and mortality. 38 When an elderly patient requires emergent surgery, time constraints preclude detailed cardiovascular workup and intervention. Preoperative electrocardiograms are a rapid, reliable method for assessing cardiac rhythm and ruling out ischemia. The rate of venous thromboembolic phenomena in this analysis was surprising considering that, at our institution, unfractionated or low-molecular-weight heparin administered by postoperative day 1 and sequential compression (REPRINTED) ARCH SURG/ VOL 144 (NO. 12), DEC 2009 to the calf initiated in the operating room are routine, whereas duplex ultrasonographic surveillance is not.
Despite yielding clinically relevant results, the limitations of this study must be acknowledged. Although the purpose of this study was the identification of modifiable risk factors that may have a negative effect on outcome in this surgical cohort, factors such as advanced ASA class and admission from an extended care facility represent indicators of chronic illness and deconditioning that are not immediately rectifiable. Several important modifiable risk factors, however, including time elapsed to definitive operation and development of renal insufficiency or shock, were identified in this study. These results suggest a morbidity and mortality benefit in patients who receive a diagnosis without undue ancillary testing and who undergo aggressive resuscitation and prompt surgical exploration. Also, 59% of our study subjects were female. This may be attributed to differences in life expectancy, with women in the United States living an average of 5.4 years longer than men. 39 There were, however, no differences in outcomes based on sex. The study population included patients from a single institution who are representative of a single geographic region, with a particular spectrum of surgical disease. Despite the existence of basic general surgery and critical care principles with regard to intra-abdominal emergencies, the care of each patient may have been influenced by local standards of practice, as well as by individual surgeon preferences. All of these limitations stem from the retrospective nature of this review.
Overall, this study has broad implications for the care of elderly patients with emergent colorectal disease. The most frequent diagnosis in our study was an obstructing or perforated colorectal carcinoma. This finding underscores the importance of appropriate colorectal screening because early diagnosis and resection of colorectal cancer has obvious benefits. Although the in-hospital mortality rate among elderly patients presenting with colorectal cancer in this study was only 6% compared with the overall mortality of 15%, their late stage at diagnosis portends a poor long-term survival. Cardiopulmonary complications occurred most often in our study population, emphasizing the need for close surveillance and early aggressive treatment. Finally, the results of this study stress the importance of prompt evaluation and surgical intervention in elderly patients with colorectal surgical emergencies.
